XKH54h8o; in some cases, both se~tions were performed simultaneously. The immunity of plasmid containing strains was further tested by streaking single colonies across a streak of phage on an agar plate. Colonies of transformants which constitiltively synthesized f3-galactosidase appeared blue on agar plates containing a chromogenic, noninducing substrate, 5-chloro-4-bromo-3-indolyl-,B-D-galactoside (40 Ag/ml). Assays of X repressor (12), fl-galactosidase (f3-D-galactoside galactohydrolase, EC 3.2.1.23) (13), and the isolation of operator containing DNA fragments on nitrocellulose filters (14) have been described previously. Purified X repressor was a gift of R. Sauer and purified lac repressor was a gift of A. Maxam. Experiments were carried out in a P1 (EK1) facility.
iQ'ZU118/A(lac-pro) SmR(Ximm21 plac5)], was constructed and used in some experiments. The plasmid vectors pCR11 (3) and pMB9 (4) were used. Plasmid DNA was prepared by the method of Clewell and Helinski (5) . DNA fragments generated by restriction endonucleases were prepared by electrophoresis on polyacrylamide gels as described by Maniatis et al. (6) . EcoRI, HindIII, and HaeIII digestions were performed in Hin buffer (7) and HpaII digestions were performed in Hpa buffer (7) . Reactions using E. coli DNA polymerase I (DNA nucleotidyltransferase, deoxynucleosidetriphosphate:DNA deoxynucleotidyltransferase, EC 2.7.7.7) (a gift of W. McClure) were performed in 50 mM Tris-HCl at pH 7.8,5 mM MgCl2, 1 mM 2-mercaptoethanol, 50 ,ug/ml of bovine serum albumin plus 2 ,tM each of dATP, dCTP, dGTP, and dTTP for 1 hr at 150 (8) . T4 polynucleotide ligase [polynucleotide synthetase, poly(deoxyribonucleotide):poly(deoxyribonucleotide) ligase(AMP-forming), EC 6.5.1.1] reactions were performed in 6.6 mM Tris-HCl at pH 7.4, 6.6 mM MgCl2, 6 .6 mM 2-mercaptoethanol, 100 ,uM ATP at 40; DNA fragments were present at 100-300 ,g/ml. For joining DNA fragments bearing flush ends (9) , 5 -fold higher concentrations of ligase were used than were required to join an equivalent number of staggered ends, and the reactions were incubated at room temperature for 4 hr. Cells were transformed with DNA as described by Cohen et al. (10) . Drug resistant tra'nsformants were selected on drug supplemented agar plates, and X immune transformants were selected on agar plates seeded wiU;i 109 XKH54 (11) and 109 XKH54h8o; in some cases, both se~tions were performed simultaneously. The immunity of plasmid containing strains was further tested by streaking single colonies across a streak of phage on an agar plate. Colonies of transformants which constitiltively synthesized f3-galactosidase appeared blue on agar plates containing a chromogenic, noninducing substrate, 5-chloro-4-bromo-3-indolyl-,B-D-galactoside (40 Ag/ml). Assays of X repressor (12), fl-galactosidase (f3-D-galactoside galactohydrolase, EC 3.2.1.23) (13) , and the isolation of operator containing DNA fragments on nitrocellulose filters (14) have been described previously. Purified X repressor was a gift of R. Sauer and purified lac repressor was a gift of A. Maxam. Experiments were carried out in a P1 (EK1) facility.
RESULTS

Preliminary considerations
We wished to proceed in two steps; first, to clone cI flanked by as little extraneous phage DNA as possible on a plasmid and then to insert a DNA fragment bearing the lac promoter near the beginning of cI. Two problems arose. No single restriction endonuclease cleaves X DNA just outside the ends of cI without also cleaving within it, and no restriction endonuclease site suitable for inserting the lac promoter exists in X DNA near the beginning of cI. We adopted a strategy based on the following considerations: gene cI can be neatly isolated on two DNA fragments, one of which bears two HindIII ends and the other of which bears one HindIII end and one HaeIII end (see Fig.  1 Fig. 2 ). This regenerated EcoRI site near the beginning of cI could then be used as a site to insert the lac promoter.
The plasmids pCR11 and pMB9 are derived from Col El, which is normally present in about twenty copies per cell (16) . pCR11 and pMB9 carry drug resistance determinants (kanamycin and tetracycline, respectively). Cloning cI With these considerations in mind, we proceeded as follows (see Fig. 2 ): plasmid pCR11 DNA was digested with EcoRI and the protruding single-stranded ends converted to double-stranded flush ends by filling-in with DNA polymerase I. The product was then digested with HindIII to produce a vector DNA molecule bearing one HindIII end and one flush end. This procedure removes at least part of the kanamycin resistance gene(s). Two DNA fragments bearing portions of cI were produced as follows (see Fig. 1 ): X DNA was digested with HaeIII, and a 790 base pair fragment was isolated that carries the right portion of cI plus about 150 base pairs to the right of cI. This fragment was further digested with HindIII to produce a fragment 630 base pairs long. Separately, A DNA was digested with HindIII and a 520 base pair fragment bearing the left portion of cI was isolated. Together these two fragments span the entire cI gene. Gene cI was then simultaneously reconstituted and inserted in the plasmid by treating a mixture of the specially prepared plasmid and the fragments which span cI with T4 polynucleotide ligase (see Fig. 2 ). Five A immune clones were isolated from bacteria transformed with the products of this reaction, and their plasmids were analyzed by restriction endonuclease digestion. One isolate, pKB155, produced three fragments (5000, 630, and 520 base pairs long) when cleaved with EcoRI and HindIII, as predicted by the construction shown in Fig. 2 (E and F). In particular, the fused HaeIIIEcoRI junction to the right of cI was cleaved again by EcoRI. The cI gene was transferred from pKB155, which bears no drug resistance marker, to the plasmid pMB9, which carries a tetracycline resistance gene, as follows: an 1150 base pair piece of DNA bearing the entire cI gene was excised from pKB155 by complete digestion with EcoRI HindIll. Plasmid pMB9 was digested with EcoRI and HindIII, which removes a nonessential 350 base pair fragment; the 1150 base pair cI gene fragment was added, and the mixture was treated with ligase. Bacteria were transformed with the products of ligation, and tetracycline resistant lambda immune clones were readily isolated. Restriction endonuclease analysis of several isolates (not shown), typical of which is pKB158, confirmed the structure shown in Fig. 3 (17) , was expected to contain the lac promoter. Analysis of this 1550 base pair fragment confirmed the structure of pKB252 as shown in Fig. 3 . The products of HpaII digestion of this fragment were 205, 480, and 870 base pairs long (see the diagram of Fig. 4 ). Because the cI region of X does not have any HpaII sites (11) , and the lac promoter fragment does have a HpaII site about 85 bases from one end, this pattern of fragments suggested the structure shown in Fig. 4 Stoichiometry is calculated by comparing the ratios of radioactivity/fragment size. radioactivity in each fragment was determined ( Table 1) . The 205 base pair fragment was present in twice molar quantities compared to the 360 and 790 base pair fragments which indicated that there are two lac promoters in pKB252.
To prove that the lac promoters transcribe toward cI, we took advantage of the fact that HpaII cuts near the lac operator in the lac promoter. The HaeIII 1550 fragment was digested with HpaII and the fragments produced were mixed with either lac or lambda repressor and passed through nitrocellulose filters. The fragments retained on the filters were eluted and analyzed on a polyacrylamide gel. It was found that the 870 base pair fragment was retained by both lac and X repressors, the 205 base pair fragment was retained only by lac repressor, and the 480 base pair fragment was not retained by either repressor. These results are consistent only with the orientation shown in Fig. 4 in which the lac promoters transcribe toward cI. Control of repressor synthesis in vivo Cell extracts of strains containing various plasmids were assayed for X repressor and, in some cases, an aliquot of the culture was assayed for fl-galactosidase. The results are listed in Table 2 .
Strains carrying plasmids bearing cI but not the lac promoter' (pKB155 and pKB158) contained about five times more repressor than did single lysogens. Strains carrying pKB252, which has two lac promoters, produced 35 times more repressor than did single lysogens.
Synthesis of lambda repressor in pKB252 strains is regulated by lac repressor (Table 2) . A strain bearing a wild-type lac operon does not make enough lac repressor to repress significantly the synthesis of X repressor from the lac promoters on pKB252 (Table 2) . When this plasmid was transferred to a strain which (13) . A sipgle lysogen, 28 (X), is included for comparison purposes. Strain 294 makes wild-type lac repressor levels, whereas strain V2000 over-produces lac repressor about 100-fold (2) . ITPG, isopropyl-thiogalactoside. ND., not determined. Several endonucleases which produce 5' protruding ends are listed with the DNA sequence which they recognize (20-24, R. J. Roberts, G. Wilson, and F. E. Young, submitted for publication). After filling in these ends with DNA polymerase I, the original recognition sequence can be regenerated by joining the filled-in end to a flush ended DNA molecule which meets the requirement listed in the third column. When joined to a flush ended fragment not meeting that requirement, the filled-in end generates a sub-specificity, which is described in the fourth and fifth columns (20, 25 overproduces lac repressor, the synthesis of X repressor was reduced to the basal (i.e., pKB158) level. IPTG (isopropyl-thiogalactoside), an inducer of the lac operon, partially induces ,B-galactosidase synthesis in cells which overproduce lac repressor. Table 2 shows that isopropyl-thiogalactoside also partially induces X repressor synthesis when such cells carry pKB252.
DISCUSSION
We have described the use of techniques of DNA recombination in uitro to construct a plasmid on which the X repressor gene (cI) is transcribed largely from the promoter of the lac operon. This plasmid has two copies of the lac promoter which transcribe toward cI. As predicted by this arrangement, the synthesis of A repressor in strains bearing this plasmid is regulated by the lac repressor. The lac promoter fragments in pKB252 contain the startpoint of translation of the lac z gene; however, several translational stop signals immediately precede cI (18) , and repressor synthesized in strains carrying pKB252 is not a fusion product initiated at the lac z translational startpoint. Strains carrying this plasmid produce about 35 times more repressor than do single lysogens, as measured by DNA binding activity; however, these levels are variable and are often as much as 3-fold higher. The source of this variation is not understood. These repressor levels are 10-to 25-fold lower than would be expected on the basis of the known strength of the lac promoter (19 Table 3 ).
